PORTABLE TELEPHONE RADIO SET WITH 
INTERFERENCE DETECTION FUNCTION 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a portable telephone 
radio set to which a terminal equipment as represented by a 
personal computer is connected to effect data communication 
therewith. 

Description of the Related Art 

In recent years, a portable telephone radio set is used 
frequently such that a terminal equipment such as a personal 
computer is externally connected thereto to effect data 
communication therewith. However, the portable telephone 
radio set is liable to be subject to radio wave interference 
from the terminal equipment externally connected thereto and 
suffer from deterioration of the communication quality. 
Further, data_communication is different from communication 
by voice, which allows confirmation with the ear, in that, even 
if the communication quality is deteriorated, this cannot be 
recognized readily by a user of the portable telephone radio 
set . 

Conventionally, as regards a portable telephone radio 
set of the type described such as, for example, a portable 
telephone ratio set which complies with the RCR STD-27 by the 
Corporation of Association of Radio Wave Industry ( ARIB) , a 



material is available which relates to a waiting switching 
operation, after power supply to the portable telephone radio 
set which is a mobile station is made available, of the mobile 
station when a used channel set from a base station is waited. 

A procedure on the mobile station based on the material 
is such as illustrated in FIG. 4. First, when power supply 
is made available , perch channels which form a group are scanned 
to measure the level of each of the channels (step SI), and 
a channel table in which the levels are arranged in order of 
the level is prepared (step S2). 

Then, the mobile station searches for those perch channels 
each having a level higher than a predetermined level from within 
the channel table prepared in this manner (step S3). Then, 
if those perch channels each having a level higher than the 
predetermined level are detected (YES in step S4) , then one 
of the perch channels is selected in accordance with a 
predetermined method (step S5) , and a signal of the selected 
perch channel is_received (step S6) . Then, information of the 
layer 1 and broadcast information are detected from within the 
received signal and analyzed (stepS7) , and if awaiting condition 
is satisfied (YES in step S8) , then the processing advances 
to operation during the waiting (step S9) . 

If the discrimination in step S8 is "NO" since the waiting 
condition is not satisfied, then the remaining perch channels 
each having a level higher than the predetermined level are 
investigated from within the channel table (step S10) . Then, 



the processing returns to step S4 described above. Thus, the 
succeeding steps are repeated until the discrimination in step 
S4 becomes "NO" because a perch channel having a level higher 
than the predetermined level does not remain any more. 

If the discrimination in step S4 is "NO" because there 
remains no perch channel having a level higher than the 
predetermined level, then it is determined that the mobile 
station is in an out-of-zone state (step S21). Then, the 
processing returns to step SI , in which scanning of perch channels 
of a next group is started. 

In the conventional portable telephone radio set 
described above, if interruption of communication or failure 
in connection is caused by radio wave interference and 
deteriorates the communication state, then since the user of 
the radio set cannot recognize that data communication on the 
terminal equipment has entered an incomplete state, there is 
a problem that increase of the communication time by unnecessary 
requests for retransmission, increase of the communication fee 
by unnecessary retransmission processing and so forth occur. 

The reason is that the conventional portable telephone 
radio set does not have a function for directly reporting 
deterioration of the communication state caused by radio wave 
interference to the user of the portable telephone radio set. 



SUMMARY OF THE INVENTION 
It is an object of the present invention to provide a 



portable telephone radio set with an interference detection 
function which allows a user thereof to recognize an incomplete 
state of data communication occurring with a terminal equipment 
due to deterioration of the communication state caused by radio 
wave interference and take a countermeasure against the 
incomplete state of data communication. 

In order to attain the object described above, according 
to the present invention, there is provided a portable telephone 
radio set with an interference detection function to which a 
terminal equipment can be externally connected to effect data 
communication therewith, comprising a warning section for 
warning radio wave interference, and a control circuit section 
for detecting interference of radio waves and controlling the 
warning section, the control circuit section reporting, when 
the control circuit section detects a radio wave interference 
fault, contents of the fault to the warning section so that 
the warning section may give a warning of radio wave interference 
in a predetermined form based on at least one of visibility 
and audibility. 

With the portable telephone radio set , when a 
predetermined radio wave fault is detected , the user can readily 
recognize occurrence of the radio wave fault from a warning 
given by the warning section and therefore take an effective 
countermeasure such as to move the portable telephone radio 
set being used away from the terminal equipment externally 
connected to the portable telephone radio set. 



The control circuit section may detect a radio wave 
interference fault in the course of a selection operation of 
a standby channel or in the course of a zone switching operation 
which ip caused by the presence of a channel having a higher 
reception level than that of the channel being waited from that 
at least one of loss of frame synchronization, deterioration 
in bit error rate, unfavorable reception of broadcast 
information and interruption of radio waves occurs in either 
one of conditions of out-of-zone indication and abandonment 
of the pertaining channel or in a condition of abandonment of 
the pertaining channel . As an alternative , the control circuit 
section may detect a radio wave interference fault during 
communication from that a level value detected when the level 
of each of perch channels other than a peripheral perch channel 
designated from a base station is measured is higher than a 
predetermined threshold value. 

As another alternative, the control circuit section may 
detect a radio wave interference fault during communication * 
from that, when the channel is switched to a channel of a level 
lower than the level of the cannel which has been used for 
communication till then, it is a cause of the channel switching 
that at least one of loss of frame synchronization , deterioration 
in bit error rate, and interruption of radio waves occurs. 

The predetermined form in which the radio wave 
interference warning is displayed may include the abandoned 
channel number, the number of occurrences of retransmission 



per unit time measured during the communication, or a rate of 
occurrences of retransmission per unit data measured during 
the communication. 

The portable telephone radio set is advantageous in that 
the user thereof can recognize an incomplete state of data 
communication occurring with the terminal equipment externally 
connected to the portable telephone radio set due to 
deterioration of the communication state caused by radio wave 
interference in the course of a standby channel selection 
operation or during communication and take such an effective 
countermeasure that the portable telephone radio set being used 
is moved away from the terminal equipment. 

The reason is that the portable telephone radio set 
includes a warning section for giving a warning of radio wave 
interference, and when a waiting condition is not satisfied, 
if the cause of this is radio wave interference, the warning 
display section can give a warning. 

The above and other objects, featu^ies and advantages of 
the present invention will become apparent from the following 
description and the appended claims, taken in conjunction with 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a functional block diagram showing a 
portable telephone radio unit to which the present invention 
is applied; 



FIG. 2 is a flow chart illustrating a standby channel 
selection process of the portable telephone radio unit of FIG. 

i; 

FTG. 3 is a flow chart illustrating detailed operation 
during waiting in the process illustrated in FIG. 2; and 

FIG. 4 is a flow chart illustrating an example of operation 
in a conventional standby channel selection process. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
Referring to FIG. 1, there is shown a portable telephone 
radio set to which the present invention is applied. The 
portable telephone radio set shown is generally denoted at 10 
and includes an antenna 11, a radio circuit section 12, a signal 
processing section 13, a transmitter-receiver 14, a control 
circuit section 15, a storage circuit section 16, an external 
interface (IF) section 17, and a warning display section 18. 
A terminal equipment 20 such as a data terminal as represented 
by a personal computer is connected to the external interface 
section 17 . In FIG . 1 , functions other than the functions which 
relate to the present invention are omitted for simplified 
illustration . 

The portable telephone radio set 10 shown FIG. 1 is 
different from the conventional portable telephone radio set, 
whose operation is described hereinabove with reference to 
FIG. 4, in that the control circuit section 15 has a radio wave 
interference detection function of detecting a fault caused 



by radio wave interference from data inputted thereto from the 
signal processing section 13 and notifies the warning display 
section 18 of warning information corresponding to the detected 
radio w*ve interference so that the warning information is 
displayed by the warning display section 18. 

The antenna 11 is provided for transmission and reception 
in order to communicate with a base station and connected to 
the radio circuit section 12. The radio circuit section 12 
is connected to the antenna 11 to transmit and receive a radio 
signal, and notifies the signal processing section 13 of a 
reception signal and notifies the control circuit section 15 
of an input level of the reception signal . The signal processing 
section 13 notifies the control circuit section 15 of information 
of the layer 1 such as frame synchronization, color code detection 
and redundancy code checking (CRC) of a reception signal inputted 
thereto from the radio circuit section 12. Further, the signal 
processing section 13 transmits or receives an audio signal 
to be transmitted to or received from the radio circuitn^ect ion 
12 to or from the transmitter-receiver 14. The 
transmitter-receiver 14 is used for voice communication of a 
user. 

The control circuit section 15 is connected to all 
functional components to provide and receive information and 
controls functions and operations of them. A procedure of 
principal operations of the portable telephone radio set 10 
controlled by the control circuit section 15 is hereinafter 



described. A channel table in which levels of radio channels 
obtained from the radio circuit section 12 are placed in order 
of the level is stored into the storage circuit section 16 by 
the control circuit section 15 . The external interface section 
17 is connected on one hand to the control circuit section 15 
and on the other hand to the terminal equipment 20 to perform 
interfacing for data communication between them. 

The warning display section 18 receives a notification 
of warning information corresponding to a fault caused by radio 
wave interference from the control circuit section 15 and 
displays a warning based on the notification as described 
hereinabove . Where display on a screen is employed , the display 
is given in the form of characters or a mark for warning of 
a radio wave fault or, where it can be displayed in numerical 
value, in the form of a numerical value corresponding to the 
fault. As other visible displays, a color for which a light 
emitting diode is used, a flickering condition and so forth 
are available. As an audible display, alarming sound of an 
audible frequency or a detailed voice guide by voice of a language 
for which a speaker or an earphone is used can be adopted. 

Subsequently, a waiting switching operation of a mobile 
station based on the RCR STD-27 which is a standard specification 
of radio waves by the Corporation of Association of Radio Wave 
Industry (ARIB) is described as one of principal operations 
of the portable telephone radio set with an interference 
detection function according to the present invention with 
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reference to both of FIGS. 1 and 2. 

The operation of the portable telephone radio set 
illustrated in FIG. 2 is different from that of the conventional 
portable telephone radio set illustrated in FIG. 4 in that, 
when a perch channel selected for the object of use cannot satisfy 
awaiting condition and this is caused by radio wave interference, 
a radio wave interference warning is displayed by the portable 
telephone radio set. 

In particular, steps SI to S9 are similar to those of 
the conventional portable telephone radio set illustrated in 
FIG. 4. Specifically, when power supply to the portable 
telephone radio set 10 is made available first , the radio circuit 
section 12 scans perch channels from within a reception signal 
of the antenna 11 and measures the level of each of the channels 
(step SI), and notifies the control circuit section 15 of the 
levels of the channels . The control circuit section 15 prepares 
a channel table , in which the levels of the channels are arranged 
in order of the level, in the storage circuit section 16 (step 
S2). Here, the control circuit section 15 divides the perch 
channels into a plurality of groups and measures the levels 
of the perch channels and then prepares a channel table. 
Naturally, the control circuit section 15 may otherwise prepare 
a table for all channels considering them as one group. 

Then, in the portable telephone radio set 10, the control 
circuit section 15 searches for those of the perch channels 
which each has a level higher than a predetermined level from 



within the channel table of the storage circuit section 16 (step 
S3). If those perch channels each having a level higher than 
the predetermined level are detected (YES in step S4), then 
the control circuit section 15 selects one of the perch channels 
in accordance with a predetermined method (step S5) . As the 
predetermined method, for example, one of the channels of the 
pertaining group in the channel table which has the lowest level 
which, however, exceeds the predetermined level may be selected . 
A signal of the perch channel selected in this manner is received 
by the signal processing section 13 from the radio circuit section 
12 in response to an instruction of the control circuit section 
15 (step S6) . 

Then, the signal processing section 13 notifies the 
control circuit section 15 of analysis information of the layer 
1 and broadcast information of a BCCH (announcement channel) 
from the received signal. The control circuit section 15 
analyzes the broadcast information (step S7) . The analysis 
informa_tion reported from the signal processing section 13 
includes frame synchronization, a bit error rate, a color code 
and so forth. The broadcast information includes a waiting 
permission level, control channel (CCH) structure information , 
restriction information and so forth . If the level information 
received from the radio circuit section 12 and the information 
received from the signal processing section 13 satisfy a waiting 
condition (YES in step S8), then the control circuit section 
15 determines that a waiting state is proceeding and advances 
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the processing to a waiting operation (step S9) . 

On the other hand, if the discrimination in step S8 
described above is "NO" because the waiting condition is not 
satisfied, then the control circuit section 15 discriminates 
a radio wave interference condition (step Sll) . The radio wave 
interference condition may include loss of frame 
synchronization, deterioration of the bit error rate, 
unfavorable reception of broadcast information or detection 
of radio wave interruption. If the cause by which the waiting 
condition is not satisfied is the presence of the condition 
of radio wave interference and consequently the discrimination 
in stepSll is "YES" , then the control circuit section 15 controls 
the warning display section 18 to display a warning of "radio 
wave interference is present" by some suitable means (step S12) 
and investigates the remaining perch channels in order to select 
a next perch channel having a level higher than the predetermined 
level from within the channel tableof the storage circuit section 
16 (step S13), whereafter the processing returns to step S4 
described above. If the discrimination in step S4 is "YES" 
and one channel is selected in step S5 , then the operations 
in steps S4 to S13 are repeated until the discrimination in 
step S8 becomes "YES" because the waiting condition is satisfied 
or until the discrimination in step S4 becomes "NO" because 
there remains no channel having a level higher than the 
predetermined level any more. If the discrimination in step 
Sll described above is "NO" because the condition of radio wave 
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interference is not satisfied, then the processing skips step 
S12 and advances directly to step S13 without displaying a 
warning. 

On the other hand, when the discrimination in step S4 
is "NO" because there is no channel having a level higher than 
the predetermined level, the control circuit section 15 
discriminates that the portable telephone radio set 10 is outside 
the range of the object perch channel group (step S21) and 
discriminates whether or not there is a warning of radio wave 
interference (step S22) . If the discrimination in step S22 
is "YES" because a radio wave interference warning is being 
displayed , then the control circuit section 15 erases the display 
of the radio wave interference warning (step S23) and returns 
the processing to the first step SI . Consequently , the control 
circuit section 15 starts level measurement of perch channels 
included in a next group and repeats the procedure in a similar 
manner as described above. If the discrimination in step S22 
described above is "NO" because there is no display of a radio 
wave interference warning, then the processing skips step S23 
and returns to step SI. 

Subsequently, an operation procedure during waiting in 
step S9 of FIG. 2 is described with reference to FIGS. 1 and 
3. 

While a channel which satisfies the waiting condition 
is selected and remains in a waiting state, the radio circuit 
section 12 scans peripheral perch channels around the selected 
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channel from within a reception signal of the antenna 11 to 
measure the levels of the channels (step S31) and notifies the 
control circuit section 15 of the levels of the channels. The 
control circuit section 15 prepares a channel table which 
includes the levels in order of the level in the storage circuit 
section 16 (step S32) . Then, the control circuit section 15 
investigates a predetermined condition of switching between 
zones from within the channel table of the storage circuit section 
16 (stepS33). If those peripheral perch channels which satisfy 
the predetermined condition for switching between zones are 
present (YES in step S34) , then the control circuit section 
15 selects one of the peripheral perch channels (step S35) . 
A signal of the peripheral perch channel selected in this manner 
is received together with reception information by the signal 
processing section 13 from the radio circuit section 12 in 
response to an instruction of the control circuit section 15 
(step S36) . 

Then, the signal processing section 13 notifies the 
control circuit section 15 of analysis information of the layer 
1 and broadcast information from within the received signal. 
The control circuit section 15 analyzes the broadcast 
information (step S37) . The analysis information in the 
notification includes frame synchronization, a bit error rate, 
a color code and so forth. The broadcast information includes 
a waiting permission level, control channel (CCH) structure 
information, restriction information and so forth . If the level 
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information received from the radio circuit section 12 and the 
information received from the signal processing section 13 
satisfy the waiting condition (NO in the step S38) , then the 
control circuit section 15 discriminates the radio wave 
interference condition (step S39) . If the discrimination in 
step S39 is "YES " because the waiting condition is not satisfied 
since the radio wave interference condition is present, then 
the control circuit section 15 controls the warning display 
section 18 to display a warning of "Radio wave interference 
is present" by some suitable means (step S40) and investigates 
those remaining peripheral perch channels which satisfy the 
switching condition in order to select a next peripheral perch 
channel having a level higher than the predetermined level from 
within the channel table of the storage circuit section 16 (step 
S41), whereafter the control circuit section 15 returns its 
processing to step S34. 

If the discrimination in step S34 is "YES" and a channel 
is selected in step S35, then the_procedure is repeated until 
the discrimination in step S38 becomes "YES" because the waiting 
conditions are satisfied or until the discrimination in step 
S34 becomes "NO" because there remains no channel which satisfies 
the switching condition up to the last channel. If the 
discrimination in step S39 is "NO" because the radio wave 
interference condition is not satisfied, then the processing 
skips step S40 and advances directly to step S41 without 
displaying a warning. 
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On the other hand, if the discrimination in step S34 
described above is "NO" because there is no channel which 
satisfies the switching condition, then the control circuit 
section 15 discriminates whether or not a radio wave interference 
warning is present (step S42) . If the discrimination in step 
S42 is "YES" because a radio wave interference warning is being 
displayed, then the control circuit section 15 controls the 
warning display section 18 to erase the display of the radio 
wave interference warning (step S43) and returns its processing 
to the first step S31 so that it starts level measurement of 
peripheral perch channels included in a next group so that the 
procedure is repeated in a similar manner as described above. 
If the discrimination in step S42 described above is "NO" because 
there is no display of a radio wave interference warning, then 
the processing skips step S43 and returns to step S31. 

On the other hand, if the discrimination in step S38 is 
"YES" because there is a channel which satisfies the waiting 
condition, then the control circuit section 15 performs level 
comparison between the new channel of the destination of the 
switching and the standby channel to be abandoned (step S51) . 
In this instance, if the discrimination in step S51 is "YES" 
because the level of the new channel is higher than the level 
of the channel to be abandoned and besides there is a display 
of a radio wave interference warning provided by step S40 (YES 
in step S52), then the control circuit section 15 erases the 
display of the radio wave interference warning (step S53) , 
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thereby ending the procedure. If the discrimination in step 
S51 described above is "NO" because the level of the new channel 
is lower than the level of the channel to be abandoned, then 
the control circuit section 15 ends the procedure irrespective 
of whether or not there is a display of a radio wave interference 
warning. Further, also when the discrimination in step S52 
is "NO" because there is no display of a radio wave interference 
display, the control circuit section 15 ends its procedure 
immediately . 

A predetermined radio wave interference fault during 
communication may otherwise be determined when a level value 
higher than a predetermined threshold value is detected in level 
measurement of the perch channels other than the peripheral 
perch channel designated by a base station. 

Meanwhile, the predetermined form in displaying a radio 
wave interference warning may include the channel number 
abandoned, the number of occurrences of retransmission per unit 
time measured during communication or the-^retransmission 
occurrence rate per unit data measured during communication. 

While the foregoing description is given with reference 
to the functioning blocks and the steps illustrated in the 
drawings, separation or merge of functions or movement of a 
procedure is possible as far as the functions described above 
are satisfied, and the foregoing description shall not restrict 
the present invention. 

Further, while the foregoing description is given taking 
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a mobile machine which conforms with the RCR standard 27 for 
setting a perch channel as an example, it can be similarly applied 
also to a personal station of a mobile terminal of the PHS 
(Personal Handyphone System) which conforms with the RCR 
standard 28 in terms of channel changing over in the course 
of a standby channel selection operation or during 
communication. 

In particular, a personal station includes a warning 
display section for giving a radio wave interference warning, 
and when a channel is to be established or when a channel is 
to be changed over during communication, if the channel cannot 
be established or the switching is impossible because of radio 
wave interference detected by an information analysis of aBCCH, 
then a control circuit section of the personal station controls 
the warning display section to display a warning. However, 
if the cause of the radio wave interference disappears as a 
result of establishment or switching of the channel, then the 
control circuit section controls the warning display section 
to erase the warning display of radio wave interference. 

Also a portable telephone radio set which confirms with 
any other standard similarly includes a warning display section 
for giving a radio wave interference warning such that, if a 
channel cannot be established because of radio wave interference 
detected by an information analysis , then a warning is displayed 
by the warning display section. However, if the cause of the 
radio wave interference disappears as a result of establishment , 
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then the warning display of radio wave interference us erased. 

While a preferred embodiment of the present invention 
has been described using specific terms, such description is 
for illustrative purposes only, and it is to be understood that 
changes and variations may be made without departing from the 
spirit or scope of the following claims. 



